To reduce the long-term toxicities of immunosuppressant drugs, corticosteroid-sparing and calcineurin-inhibitor-sparing immunosuppression protocols have become increasingly popular in managing kidney transplant recipients. The most vexing clinical condition caused by antibodies in organ transplants is antibody-mediated rejection. Limitations of the current antibody-mediated rejection therapies include (1) antibody-mediated rejection reversal tends to be gradual rather than prompt, (2) expense, (3) rejection reversal rates below 80%, (4) common appearance of chronic rejection after antibody-mediated rejection treatment, and (5) long-term persistence of donor specific antibodies after therapy. Because these limitations may be due to a lack of effects on mature plasma cells, the effects of bortezomib on mature plasma cells may represent a quantum advance in antihumoral therapy.
The most vexing clinical condition caused by antibodies in organ transplants is antibody-mediated rejection (AMR). 1, 2 Evidence of AMR can be found in 20% to 30% of episodes of acute rejection. 3 Current anti-humoral therapies (plasmapheresis, intravenous [IV] immune globulin), and polyclonal antilymphocyte antibodies, including rabbit antithymocyte globulin lack direct effects on the major antibody producing cell (the mature plasma cell). Although B-lymphocyte specificity has been provided with rituximab (an anti-CD20 monoclonal antibody), it does not deplete plasmablasts or mature plasma cells, which represent the major source of antibody production. 4 Bortezomib is a first in a class of proteosomal inhibitor, which is Food and Drug Administrationapproved, for treating multiple myeloma (a plasma cell neoplasm). 5 Limitations of the current AMR therapies include the following: (1) AMR reversal tends to be gradual rather than prompt, (2) expense, (3) rejection reversal rates below 80%, (4) common appearance of chronic rejection after AMR treatment, and (5) long-term persistence of donor-specific antibodies after therapy. Because these limitations may be due to the lack of effects on mature plasma cells, the effects of bortezomib on mature plasma cells may represent a quantum advance in anti-humoral therapy, 6 but the diagnosis of AMR is sometimes challenging. Although antibodies specific for the donor are sometimes found in the circulation, such antibodies are not often found, at least not at high levels. 7 In contrast to prior reports suggesting that rituximab leads to decreased serum alloantibody levels in sensitized recipients, 8 we contend that accumulating data suggest that rituximab likely plays little beneficial role in preventing ongoing antibody production in sensitized renal allograft candidates.
A growing dissatisfaction with the results of standard AMR therapies led to a search for antihumoral agents with activity against plasma cells. This search led to identifying bortezomib as an antiplasma cell agent. In addition to anti-plasma cell properties, proteosomal inhibitors suppress T-cell function. 9 Therefore, they also have the potential for treating or preventing cell-mediated allograft rejection.
aim of the work The experience described herein represents the first clinical use of bortezomib as an anti-humoral agent in renal allograft recipients in Kuwait. We present 2 cases with acute resistant AMR to the standard therapies that were managed successfully with bortezomib therapy.
case Reports case 1 A 19-year-old Syrian man with end-stage renal disease, secondary to chronic tubulo-interstitial disease, underwent live-related renal transplant from his father on July 29, 2007. He received basiliximab as an induction and was maintained on a steroid, mycophenolate mofetil, and cyclosporine. He had a smooth postoperative course and his graft function was normal. In view of good human leucocyte antigen match, he was shifted to sirolimus. On April 2010, he developed graft dysfunction and graft biopsy revealed acute AMR with mild chronic changes. This episode was treated by our adopted antirejection protocol: 10 sessions of 1 volume plasma exchange, 2 g/kg IV immunoglobulin in 5 divided doses, and 1 dose of rituximab 375 mg/m 2 -together with intensification of his maintenance immunosuppression by conversion to tacrolimus. Despite this, his creatinine did not touch baseline values. Two months later, rebiopsy of the graft revealed the same findings. In view of low total CD count with complete depletion of CD19 lymphocytes, we gave him 1 cycle of bortezomib to extend plasma exchange to 20 sessions, but the level of donor antibodies (antihuman leucocyte antigen class II) did not improve (Table 1) . After 2 months of completing antirejection therapy, he developed legionella bronchopneumonia that was managed successfully. His graft function showed progressive improvement over the next few months (mean creatinine, 140 ± 15 μmol/L).
case 2
A 40-year-old Kuwaiti lady with end-stage renal disease, secondary to IgA nephropathy, underwent preemptive live-related renal transplant from her brother on July 4, 2008. She received basiliximab as induction and was maintained on a steroid, mycophenolate mofetil, and cyclosporine. She had smooth postoperative course and her graft function was normal. Unfortunately, BK viremia and viruria were detected by June 2009. She was managed by reduction of her immunosuppression (calcineurin inhibitor minimization), and she became aviremic after 3 months. On April 2010, she developed acute graft dysfunction that was managed by an empiric pulse steroid. However, a graft biopsy done after 3 days showed acute AMR with mild chronic changes. Again, our adopted antirejection protocol was applied, together with intensification of her maintenance immunosuppression, by conversion of cyclosporine to tacrolimus. Despite this, her creatinine continued to rise, with a low total CD count and complete depletion of CD19 lymphocytes, so we decided to give her 1 cycle of bortezomib and to extend plasma exchange for 4 more sessions. After 4 months, her graft function showed progressive improvement (mean creatinine, 120 ± 12 μmol/L). 
Discussion
To reduce the long-term toxicities of immunosuppressant drugs, corticosteroid and calcineurin inhibitor-sparing immunosuppression protocols have become increasingly popular in managing kidney transplant recipients. Nevertheless, these strategies may increase the risk of acute and chronic allograft injury that may worsen the fate of transplant recipients. 10 Randomized controlled trials in which calcineurin inhibitors were replaced a few months after transplant by sirolimus reported improved graft function among sirolimus-treated patients, but such a treatment was complicated by iatrogenic toxicity. Late replacement of calcineurin inhibitors with sirolimus did not produce an advantage and again, it was complicated by more frequent adverse effects. Based on these trials, it seems that calcineurin inhibitor elimination can trigger rejection or adverse effects. 11 Because we had a good human leucocyte antigen match in our first case, with the advantages of conversion to sirolimus, we proceeded in that way, but 6 months later, the patient developed an acute rejection episode of AMR despite keeping the drug level within the accepted therapeutic window. This rejection episode was resistant to the conventional means of treatment, and the graft was about to be lost. This was matched with a report by Cantarovich and Vistoli 2008, 12 who concluded that calcineurin inhibitors as well as corticosteroids may induce adverse effects, and despite the benefits from their withdrawal, minimization, or avoidance, this could be dangerous and result with a graft loss (ie, antibody-mediated process).
We tried to minimize calcineurin inhibitor for controlling polyoma virus BK nephropathy in the second case and again, this strategy was complicated with a resistant episode of acute antibody-mediated rejection. A finding that was matched with that reported by Höcker and Tönshoff in 2009, 13 who showed that reduction of immunosuppression is the cornerstone in treating polyoma virus BKV-induced nephropathy. However, specific antiviral agents such as cidofovir and leflunomide are known to inhibit BKV. Moreover, cidofovir is nephrotoxic and should be administered cautiously. Complete calcineurin inhibitor avoidance seems inappropriate because other relatively potent immunosuppressant agents, such as lymphocyte depleting antibodies, are needed for rejection prophylaxis and are frequently accompanied by a higher incidence of infections.
Flechner and associates, 14 concluded that a bortezomib-containing regimen demonstrated activity in AMR but seems to be most effective before the onset of significant renal dysfunction (serum creatinine < 249 μmol/L) or proteinuria (< 1 g/d). Only 25% returned to their baseline renal function before AMR. They added that it should be evaluated in controlled trials using dosing strategies that include longer courses or retreatment schedules.
Trivedi and associates, 15 showed that bortezomib elicited a substantial reduction in both donor-specific antibody and non-donor-specific antibody levels in 11 patients with anti-human leucocyte antigen alloantibodies. At a mean follow-up of 6 months after treatment, all patients had stable graft function, with minimal transient adverse effects such as gastrointestinal toxicity, thrombocytopenia, and paresthesias.
Moreover, in another study of 5 patients (2 kidney/pancreas and 3 kidney transplant recipients) with AMR and coexisting acute T-cell-mediated rejection ACR, treatment with bortezomib (median follow-up, 6.9 months) led to prompt reversal of ACR and AMR. Patients were treated after other known anti-humoral therapies had failed to reverse the acute rejection episode. Donor-specific antibody levels decreased significantly in all patients (except 1 patient with short follow-up). Adverse effects of bortezomib included a transient grade III thrombocytopenia in 1 patient and mild-to-moderate gastrointestinal toxicities in 3 of 5 patients. No opportunistic infections were observed. 4 Therefore, we were confronted by 2 cases of resistant acute AMR with mild chronic changes. The available therapies for AMR lack direct effects on the major antibody producing cell (the mature plasma cell). Although B-lymphocyte specificity has been provided with rituximab, it does not deplete plasmablasts or mature plasma cells, which represent the major source of antibody production. 4 Each case was managed by 1 cycle of bortezomib with partial response and satisfactory 1-year graft survival despite the sustained anti-human leucocyte antigen antibodies. The first case was complicated by legionella pneumonia but neither of them developed any of its specific adverse effects. The partial response in both of them might be attributed to chronic changes in the biopsy that could be overcome if they was used earlier as concluded by Flechner and associates 2010, 14 who used bortezomib-containing regimen in 20 patients with established AMR, but they added that it seems to be most effective before the onset of significant renal dysfunction (serum creatinine < 249 μmol/L) or proteinuria (< 1 g/d).
Conclusions
Immunosuppression minimization carries the risk of acute resistant AMR, and renal grafts can be rescued by earlier bortezomib use, especially in the absence of chronic changes.
